An immunocytochemical study was conducted on elastic components in the sclera of seven aged human eyes. By conventional electron microscopy, elastic tissue consists of three distinct fibre types -elastic fibres, elaunin fibres, and oxytalan fibres. The distribution of six components associated with the elastic system (elastin, amyloid P component, laminin, fibronectin, gp 115, and vitronectin) were studied by immunogold transmission electron microscopy. The codistribution of amyloid P component and laminin was further studied by double immunolabelling. Both elastic and elaunin fibres contained elastin. The microfibrillar sheaths of elastic fibres labelied for amyloid P component, those of elaunin fibres for amyloid P and laminin, and those of oxytalan fibres for laminin only. No labelling was observed for fibronectin, gp 115, and vitronectin. In terms of the proteins investigated, the biochemical profile of the three fibre types was not completely identical and was manifest as different affinities in the binding of serum amyloid P component and an association with laminin. (BrJ7 Ophthalmol 1995; 79: 57-64) 
The human eye possesses an elastic system within the trabecular meshwork,1-3 the choroid,"4 the optic nerve head,1 5 and the sclera. 1 6 7 Knowledge of the basic constituents of elastic tissue is essential for an understanding of normal function and many disease states. The principal components of elastic tissue are collagen, a fibrous protein that provides considerable tensile strength, and an elastic fibre system (reviewed by Cleary and Gibson8), which gives the tissue stretchability. 9 The elastic fibre system is composed of three types of fibres: elastic fibres, elaunin fibres, and oxytalan fibres. By conventional transmission electron microscopy, elastic fibres are seen to consist of two components: an amorphous electron dense core surrounded by a sheath of microfibrils. Oxytalan fibres are collections of typical microfibrils unassociated with amorphous material. Elaunin fibres are intermediate in size between oxytalan and elastic fibres and consist of bundles of typical microfibrils associated with small amounts of elastic type amorphous material.
By light microscopic examination of human sclera, using special stains, Alexander and Gamerl showed that all three fibre types of the elastic system occurred in the middle and inner layers of the posterior sclera, but only in the inner layer of the anterior sclera. Elaunin fibres extended further forward towards the limbus and oxytalan fibres were the most abundant of the three. I The biochemical nature of elastic components has been studied by immunohistochemistry at the light microscopic level in the chick eye'0 and in a number of non-ocular tissues. Elastic fibres in arteries, striated muscle, skin, and lung of the chick and rat have been shown to contain the protein elastin'" 1 l and a number of glycoproteins have been localised to the microfibrillar component of the bovine elastic system, including fibrillin,'2 microfibril associated glycoprotein (MAGP),'3-'6 and fibronectin.i7 18 Vitronectin has been shown to be associated with elastic fibres of human skin'9 and fibrillin with their microfibrillar component. 20 The presence of fibrillin has also been demonstrated in microfibrils of human fibroblast cultures. 2' 22 Finally, amyloid P component has been associated with microfibrils in lens zonules and footpad of the mouse. 23 No systematic immunocytochemical study has been conducted on the biochemical nature of the elastic fibre system in human sclera. An immunogold transmission electron microscopic study was therefore conducted on the localisation of elastin, amyloid P component, elastin associated glycoprotein (gp 115), fibronectin, vitronectin, and laminin to the elastic system of aged human sclera, using commercially available antibodies. Laminin After single' and double labelling procedures, the grids were stained with 1% aqueous uranyl acetate and viewed in a Jeol 1200 EX transmission electron microscope.
CONTROLS
Two negative control procedures were used: omission of the primary antiserum and substitution of the primary antiserum with normal rabbit and mouse serum (Sigma) conducted at the same dilutions.
The criteria for positive localisation required the restriction of immunogold particles to discrete structures. Labelling was considered to be non-specific if a significant number of immunogold particles were present on internal negative controls. Internal negative controls were structures which should be devoid of immunogold particles. The most readily available internal negative controls present in scleral tissue were cell nuclei and cell cytoplasm.
Results
No obvious differences were noted in the morphological preservation of enucleated eyes versus postmortem eyes, nor could morphological features be related to age differences. Elastic fibres appeared to be more abundant in the inner sclera bordering the choroid than in the outer sclera. Both elaunin and oxytalan fibres were evenly distributed throughout the thickness of the macular sclera. Differentiation between elastic and elaunin fibres was based on size only (elaunin fibres are smaller) as their structure was identical. All three fibre types were frequently associated with fibrocytes. Heavy metal staining to enhance the electron density of elastic fibres was unnecessary for their identification: elastic fibres were easy to recognise within the collagen fibril bundles. The density of elastic fibres was greater adjacent to scleral fibrocytes (Fig 1) . At high power the elastic fibres could be resolved into two components: an inner core and an outer 'fuzzy' sheath of microfibrils (Figs 2 and 3) . The core in transverse section consisted of electron dense profiles embedded in a less electron dense homogeneous matrix. The width of these profiles was estimated to be about 20 nm, using 10 nm gold particles as a scale marker. These electron dense profiles ran along the length of elastic fibres seen in longitudinal section (Figs 2b, 3b, 4a) . The core was intimately surrounded by an electron dense granular sheath which in turn occasionally enclosed a number of collagen fibrils (Fig 5a) . The sheath consisted of what sometimes appeared as granular material which was presumed to represent microfibrils but frequent examples of sheaths with an amorphous appearance were seen. The presence of tubular microfibrils within the sheath was rarely evident. Oxytalan fibres (Fig 4a, b) were differentiated from elastic fibres on the basis of their lacking an electron dense core and their fibrillar-like profiles with a hint of their tubular nature being seen when the fibres were cut in transverse section. Oxytalan fibres frequently occurred in the vicinity of the scleral fibroblasts, sometimes in close apposition to their (Fig 2) . More specifically, labelling tended to occur at the edge of the electron dense profiles: immunogold particles rarely lay directly on top of the profiles or directly on top of the less electron dense homogeneous matrix and were not associated with the 'fuzzy' sheath. Labelling of the dense core of elaunin fibres was sparse and was completely absent from oxytalan fibres. Occasional gold particles noted over collagen fibrils were considered non-specific. Both cellular profiles and nuclei were free of label.
Amyloid P component Antibodies against amyloid P component labelled the 'fuzzy' sheath of elastic fibres cut in both transverse and longitudinal sections (Fig 3) . The elastic fibre core was generally free of label. Labelling for amyloid P was also present over the 'fuzzy' sheath of elaunin fibres, but absent from the less electron dense core. Amyloid P component was also localised to extracellular matrix structures that lacked both an electron dense core and a fibrillar-like profile which were thought to be the 'fuzzy' sheath of either elastic or elaunin fibres (see above). Oxytalan fibres were also labelled, but the prevalence of immunogold particles was significantly less than that over the 'fuzzy' sheath of elastic and elaunin fibres. (Fig 4) , being largely absent from both the core and 'fuzzy' sheath of elastic fibres (Fig 4) . Some labelling was also present over the 'fuzzy' sheath of elaunin fibres. As the single immunolabelling procedure could not clearly demonstrate if there was a lack of codistribution of amyloid P component and laminin, a double immunolabelling procedure was also performed. Double immunolabelling confirmed the lack of co-distribution of amyloid P component and laminin in the 'fuzzy' sheath of elastic fibres (Fig 5a) and in the fibrillar-like oxytalan fibres (Fig 5b) .
The most striking feature of this study was the co-distribution of amyloid P component and laminin in elaunin fibres (Fig 5c) . This labelling was specifically located in distinct regions of the elaunin matrix and the co-distribution appeared to be uniform (Fig 5c) .
CONTROLS
Both the 10 nm and 20 nm immunogold negative controls (omission of primary antibody) were almost completely free of label. Nonspecific labelling with normal rabbit serum negative controls at 1:200 (amyloid P component negative control) (Fig 6) and 1:100 (elastin negative control) was minimal: nonspecific labelling was present at 1:30 (laminin negative control), particularly with the use of 20 nm goat anti-rabbit immunogold (Fig 6) . The presence of all three fibre types (elastic, elaunin, and oxytalan fibres) of the elastic system in aged human macular sclera was confirmed, as was the absence of elastic fibres from the outer portion of the macular sclera.I The elastic, elaunin, and oxytalan system of fibres are a feature of tissues subject to two or multidirectional stretching.28 The paucity of elastic fibres from the outer sclera may reflect biomechanical function. Presumably a greater percentage of collagen is required in the outer sclera to resist tension exerted by the short and rapid focal contraction of one or more of the six extraocular muscles. Elastication of this outer layer would be positively disadvantageous. It is also envisaged that the principal function of the scleral elastic system is to act as a buffer of resistance to intraocular pressure.
Employing two preparation techniques (LR white embedding and cryoultramicrotomy) in immunolabelling the scleral elastic system, served to strengthen the validity of the results. The same pattern of distribution for elastin, amyloid P component, and laminin was obtained with both tissue preparation techniques. No immunolabelling for fibronectin, gp 1 15, and vitronectin was obtained with either technique. LR white embedding was the technique of choice, as cryoultramicrotomy was found to be more technically demanding and less effective in preserving fine structure.
The present study is the first to localise elastin to electron dense profiles in the amorphous cores of elastic fibres (Figs 2-3) and to the amorphous cores of elaunin fibres in the human sclera. The advent of immunogold electron microscopy has permitted the localisation of elastin antibodies to the amorphous core of elastic and elaunin fibres in a number of other tissues.16 29 Previously, the association of elastin with the core of elastic fibres was deduced from enzyme digest experiments: the core was resistant to digestion by general proteases but was susceptible to elastases.8
Ultrastructural identification of elastin also relied on its affinity for heavy metal ions.
Newly formed elastin stains intensely with phosphotungstate, and mature elastin is darkened only after prolonged osmification, whereas the microfibrillar component is only heavily stained with uranyl acetate and lead citrate. 30 In this study counterstaining of the core with heavy metals was not necessary in either LR white or ultrathin frozen sections to identify components of the elastic system and was avoided lest it obscure immunogold labelling for elastin. Staining with uranyl acetate alone was adequate in the visualisation of fine structural details in elastic fibres. Electron dense profiles were present within the amorphous elastic core: these may represent trapped microfibrils whose increased diameter from 12 nm to 20 nm is an aging feature of human elastic fibres.6 Close scrutiny of the immunogold particle labelling for elastin revealed a tendency to lie round the edge of the profiles within the core (Fig 2a) . This suggests that the antibody binds preferentially to the epitopes which occur at this interface.
Although it was known that the immunoreactivity of elastin is unaffected by routine processing for conventional electron microscopy,31 previous experience in this laboratory indicated that the degree of immunoreactivity of other extracellular matrix components is dependent on fixation. Absence of labelling in the present study for elastin associated glycoprotein (gp 115), fibronectin, and vitronectin may be due to loss of immunoreactivity by overfixation. That collagen types I to VI were successfully localised on the same scleral tissue samples used here32 reflects a fundamental problem of immunocytochemistry: the variation in immunoreactivity of target proteins to fixation.
Absence of labelling in the present study for fibronectin may again be due to overfixation as its positive control (zonular [oxytalan] 16 who suggest that the association of amyloid P component with microfibrils is due to an absorption of serum amyloid P with increasing age. The phenomenon 'fuzzy' sheath, used here to indicate the absence of microfibrillar detail in the sheath of elastic and elaunin fibres, may be caused by microfibrillar absorption of serum glycoproteins such as amyloid P component. The loss of microfibrillar detail (and presumably serum absorption) increases with age. In a conventional electron microscope study of the aging human sclera, Kanai and Kaufman6 found that the tubular profile of microfibrils was apparent in scleral tissue of 2-3 year olds, less obvious in a 16 and 22 year old (as microfibrils were more compact and possessed a slightly denser background) and completely absent in an 80 year old, in which differentiation between microfibrils and the surrounding ground substance was difficult.6 In the present study, a high density of the surrounding ground substance was associated with intense immunolabelling for amyloid P component. It is therefore proposed that the increased density of the surrounding ground substance is due to absorption of serum proteins and not to the degeneration of microfibrils suggested by Kanai and Kaufman.6 Further evidence for the above proposal is here derived from the absence of amyloid P labelling over (oxytalan) fibres which did not have an increased density of the surrounding ground substance. Absence of amyloid P labelling is not likely to reflect recent synthesis of these oxytalan fibres, but more probably a selective binding of amyloid P component to elastic and elaunin fibre microfibrils. The latter possibility would suggest that elastic and elaunin microfibrils are not altogether identical to oxytalan microfibrils.
The lack of microfibril homogeneity is also reflected by immunolabelling for laminin: laminin antibodies labelled the microfibrils of oxytalan and elaunin fibres but not those of elastic fibres. The laminin antibody used in this laboratory labelled microfibrils in two other ocular tissues; the trabecular meshwork24 and zonular (oxytalan) fibres of the lens. 25 In glaucoma, elastic fibres exhibit damage by losing their straight profiles and becoming curled like sine waves.7 This is thought to represent a disinsertion of the elastic fibres from surrounding fibrillar collagen, permitting their recoil to a point of relaxation.7 An obvious fundamental question is the nature of this insertion. As collagen fibrils were occasionally seen within the microfibrillar sheath (see Fig 5a) it is possible that the microfibrils are directly connected with the collagen fibrils. Since the present study indicates an association of laminin with elaunin and oxytalan fibres it is suggested that laminin may bind their microfibrils to collagen fibrils as it has been shown to have binding sites for several extracellular matrix components including collagen.4'
